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The catalytic activity of green catalyst heteropoly-11-tungsto-
1-vanadophosphoric acid, H4[PVW11O40] (HPV) supported on 
activated natural clay (HPVAC)  has been tested towards the 
synthesis of calix[4]resorcinarene under solvent-free condition. It 
is a one-pot multi-component condensation reaction of four moles 
of aromatic aldehydes with four moles of resorcinol. The 
advantages of the protocol, solvent-free heterogeneous reaction 
condition, simple workup procedure, short reaction time,  
high yield of products and reusability of the catalyst make this 
method to declare as green approach for synthesis of 
calix[4]resorcinarene. 
Keywords: Heteropoly acid, Activated Natural Clay, Calix[4]-
resorcinarene, Green synthesis, Heterogeneous reaction 
The calix[4]resorcinarene, a subclass of calixarenes, 
has macrocyclic structure of cyclic tetramers. 
calix[4]resorcinarene and its derivatives as 
macrocyclic receptors possess a variety of 



























 and metal ion extraction agents
13
. 




A number of synthetic routes have been reported 
for the preparation of calix[4]resorcinarene 
derivatives by employing some Lewis acid catalyst 
such as [Yb(H2O)9](OTf)3
16
, H3[PW12O40] / Conc. 
HCl
17





. However, the methods 
using these catalysts suffer from the drawbacks such 
as low product yield, cumbersome product isolation  
and long reaction time. Here is an attempt to 
synthesize and characterize calix[4]resorcinarene 
derivatives using  a green eco-friendly catalyst 
,heteropoly acid supported on activated natural clay 





All commercially available chemicals were 
obtained from Sigma Aldrich and used without further 
purification. A series of HPV supported activated 
natural clay catalysts (HPVAC) were prepared by 
varying the loading amount of HPV viz. 10, 20, and 
30% (w/w) on to the activated natural clay and 
characterized by the reported literature procedure 
from our laboratory
21
. FT-IR spectra were recorded 
using Shimadzu IR Affinity-1 FT-IR 





spectra were recorded by Bruker 300 and 100 MHz 
NMR instrument with DMSO-d6 as solvent and TMS 
as internal reference. Elemental analysis was 
performed on Elementar Vario EL III equipment. 
 
General procedure for the preparation of calix[4]resorcinarene 
A mixture of aldehyde (4 mmol), resorcinol  
(4 mmol) and HPVAC-20 (catalyst) were heated in oil 
bath at 120C for 30 min. The completion of reaction 
was ascertained by TLC (ethyl acetate / n-hexane: 
7:3) and after completion, 15 mL of ethanol was 
added to dissolve the crude product. The catalyst was 
recovered by simple filtration. And the ethanol 
solution was poured into cold water to get precipitate. 
The product was filtered and washed with 30 mL  
of water. The product was dried in an air oven 
(Scheme 1). The product was analyzed and identified 







Results and Discussion 
 
Optimization of catalytic condition 
Condensation of four moles of 4-chloro-
benzaldehyde with four moles of resorcinol in the 
presence of catalyst was taken as a standard reaction 
for the optimization study in the synthesis of 2,4,6, 
8-tetrakis(4-chlorophenyl)-1,3,5,7(1,3)-tetrabenzena-
cyclooctaphan-14,16,34,36,54,56, 74,76-octaol. This 




condensation reaction was carried out with the 
different catalytic materials such as activated  
natural clay (AC), HPAs such as H3[PW12O40], 
H4[PVW11O40] and  H5[PV2W10O40] and HPA 
supported on AC such as 10% H3[PW12O40] over AC, 
10% H4[PVW11O40] over AC (HPVAC-10) and 10% 
H5[PV2W10O40] over AC. The yields obtained for 
these catalysts are given in Table 1 and it is found that 
the catalytic ability of H4[PVW11O40] over AC 
(HPVAC-10) and 10% H5[PV2W10O40] are much 
higher than other catalytic materials. The reaction was 
carried out with the different percentage loadings of 
HPV viz HPVAC-10, HPVAC-20 and HPVAC-30 
and the results reveal that the usage of HPVAC-20 is 
a better choice for the conversion (Table 2).  
The standard reaction was also examined in various 
solvent systems such as, ethylene glycol, toluene, 
dimethyl sulphoxide, 1,2-dichloroethane, N,N’-
dimethylforamide and  dichloromethane. The results 
(Table 3) indicated that the nature of solvents affects the 
efficiency of the reaction in terms of yields. Among the 
solvents, dichloromethane showed good results. 
However, the yield of the product under solvent-free 
condition is much higher than any other solvent system.  
The reusability of the HPVAC-20 catalyst was 
studied by separating the catalyst from the reaction 
mixture by simple filtration, washing with hot ethanol 
and dried in air oven at 120
o
C for 3h prior to reuse in 
subsequent reactions. In the reusability experiments, 
relatively a slight loss in the product yield was 
observed as given in Table 4. However, the catalytic 
activity was comparatively maintained at a constant 
rate until in its fourth time of use. 
Based on the optimization study results,  
eight calix[4]resorcinarene derivatives (3a-3h) were 
 
 
Scheme 1 ― Synthesis of calix[4]resorcinarene using  
HPVAC-20 as catalyst 
 
Table 1 ― Catalyst screening for the synthesis of 2,4,6,8-
tetrakis(4-chlorophenyl)-1,3,5,7(1,3)-tetrabenzenacyclooctaphan-
14,16,34,36,54,56, 74,76-octaola 
Catalyst Catalyst amount (g) Yieldb (%) 
Activated natural clay (AC) 0.04 44 
H3[PW12O40] 0.03 58 
H4[PVW11O40] 0.03 67 
H5[PV2W10O40] 0.03 68 
10% H3[PW12O40] / AC 0.04 78 
10% H4[PVW11O40] / AC 0.04 89 
10% H5[PV2W10O40] / AC 0.04 90 
aReaction conditions: 4-chlorobenzaldehyde (4 mmol), resorcinol 
(4 mmol), Solvent-free condition, 120 °C, 30 min. 
bIsolated Yields. 
 
Table 2 ― Effect of catalyst loading in the synthesis of 2,4,6,8-
tetrakis(4-chlorophenyl)-1,3,5,7(1,3)-tetrabenzenacyclooctaphan-
14,16,34,36,54,56, 74,76-octaola 
Catalyst Catalyst amount (g) Yieldb (%) 
HPVAC-10 0.04 89 
HPVAC-20 0.04 95 
HPVAC-30 0.04 96 
aReaction conditions: 4-chlorobenzaldehyde (4 mmol), resorcinol 
(4 mmol), Solvent-free condition, 120 °C, 30 min. 
bIsolated Yields. 
 
Table 3 ― Effect of solvents on the reaction of  
4-chlorobenzaldehyde, resorcinol catalyzed by HPVAC-20a 
Solvent  Time (h) Yieldb (%) 
Ethylene glycol  4 58 
Toluene  4 63 
Dimethyl sulfoxide 4 68 
1,2-dichloroethane 4 72 
N,N’-dimethylforamide 4 70 
Dichloromethane 4 74 
Solvent free contidionc 30 min 95 
aReaction conditions: 4-chlorobenzaldehyde (4 mmol), resorcinol 
(4 mmol), HPVAC-20 (0.04 g), reflux,  
bIsolated yield,   
c120 °C. 
 
Table 4 ― Effect of reusability of HPVAC-20 catalyst on  
the of 2,4,6,8-tetrakis(4-chlorophenyl)-1,3,5,7(1,3)-
tetrabenzenacyclooctaphan-14,16,34,36,54,56, 74,76-octaol yielda 
Run Cycle Yieldb (%) 
1 0 95 
2 1 92 
3 2 90 
4 3 89 
aReaction conditions:  4-chlorobenzaldehyde (4 mmol),  
resorcinol (4 mmol), HPVAC-20 (0.04 g), Solvent-free condition, 







prepared using resorcinol and various substituted 
aldehydes    (Table   5).    The    generalized    reaction  
protocol is depicted as Scheme 1. The products  





C-NMR spectroscopy (Figs. 1, 2  
and 3).  
It appears that aromatic aldehydes substituted with 
electron-withdrawing groups  underwent  the  reaction  
Table 5 ― The condensation reaction of 4-chlorobenzaldehyde, resorcinol over HPVAC-20 by conventional heatinga. 
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Table 5 ― The condensation reaction of 4-chlorobenzaldehyde, resorcinol over HPVAC-20 by conventional heatinga. (Contd.) 















































































in a slightly faster manner and show higher yield of 
products in comparison with aromatic aldehydes with 




Orange solid; m.p: 292-294°C; FT-IR (KBr disc): 
3000-3600, 1614, 1514, 1427, 1282, 1193, 1145, 




H-NMR (300 MHz): 
δ 8.58-8.47 (8H, OH), 6.85-6.83 (20H, aroma), 6.33 
(4H, CH), 6.11 (4H, CH), 5.55-5.52 (4H, CH);  
13
C-NMR (100 MHz): δ 152.9, 152.7, 144.5, 129.2, 
128.8, 127.2, 124.6, 121.3, 120.8, 44.8.  
 
2,4,6,8-Tetrakis(4-chlorophenyl)-1,3,5,7(1,3)-tetrabenzena-
cyclooctaphan-14,16,34,36,54, 56,74,76-octaol (3b): 
Orange solid; mp: 262-264°C; FT-IR (KBr disc): 
3600-3000, 1616, 1512, 1490, 1429, 1201, 1087, 




H-NMR (300 MHz): 
δ 8.76-8.65 (8H, OH), 7.09-6.95 (16H, aroma), 6.34 
(4H, CH), 6.23-6.16 (4H, CH), 5.50 (4H, CH);  
13
C-NMR (75 MHz): δ 153.7, 153.6, 144.0, 132.0, 





C-NMR spectra of 2,4, 
6,8-tetrakis(4-chlorophenyl)-1,3,5,7 (1,3)-tetra-benzena-
cyclooctaphan-14,16,34,36,54,56,74,76-octaol (3b) 
recorded in DMSO-d6 solvent is given as Figs 1–3. 
 
2,4,6,8-Tetrakis(4-methylphenyl)-1,3,5,7(1,3)-tetrabenzena-
cyclooctaphan-14,16,34,36,54, 56, 74,76-octaol (3c):  
Orange solid; m.p: 256-258°C; FT-IR (KBr disc): 
3600-3000, 1621, 1547, 1498, 1432, 1222, 1077, 
 
 
Fig. 1 ― FT-IR spectra of 2,4,6,8-tetrakis(4-chlorophenyl)-
1,3,5,7(1,3)-tetrabenzenacyclooctaphan-14,16,34,36,54,56,74, 
76-octaol (3b) recorded as KBr pellets. 
 
 
Fig. 2 ― The 1H-NMR spectra of 2,4,6,8-tetrakis(4-chlorophenyl)-1,3,5,7(1,3)-tetrabenzenacyclooctaphan-14,16,34,36,54,56,74,76-
octaol (3b) in DMSO-d6 








H-NMR (300 MHz): 
δ 8.63-8.54 (8H, OH), 6.98-6.82 (16H, aroma), 6.27 
(4H, CH), 6.14 (4H, CH), 5.53-5.50 (4H, CH), 2.38-
2.34 (12H, CH3); 
13
C-NMR (75 MHz): δ 153.4, 153.2, 
144.1, 132.2, 131.0, 130.3, 127.6, 121.3, 45.6, 21.2. 
 
2,4,6,8-Tetrakis(4-methoxyphenyl)-1,3,5,7(1,3)-tetrabenzena-
cyclooctaphan-14,16,34,36,54, 56, 74,76-octaol (3d):  
Orange solid; m.p: 246-248°C; FT-IR (KBr disc): 
3600-3000, 1617, 1578, 1514, 1498, 1409, 1204, 





(300 MHz): δ 8.68-8.57 (8H, OH), 6.94-6.79 (16H, 
aroma), 6.27 (4H, CH), 6.19 (4H, CH), 5.46-5.42 (4H, 
CH), 3.14 (12H, OCH3); 
13
C-NMR  
(75 MHz): δ 154.3, 153.8, 144.7, 132.4, 131.2, 130.6, 
127.7, 121.3, 45.2, 32.3. 
 
2,4,6,8-Tetrakis(4-nitrolphenyl)-1,3,5,7(1,3)-tetrabenzena-
cyclooctaphan-14,16,34,36,54, 56, 74,76-octaol (3e):  
Orange solid; m.p: 234-236°C; FT-IR (KBr disc): 
3600-3000, 2814, 1658, 1547, 1498, 1414, 1265, 





MHz): δ 8.82-8.71 (8H, OH), 7.13-7.03 (16H, aroma),  
6.32-6.28 (4H, CH), 6.16 (4H, CH), 5.54 (4H, CH); 
13
C-NMR (75 MHz): δ 154.5, 153.2, 144.6, 132.6, 
131.2, 130.1, 129.8, 127.6, 121.4, 45.7. 
 
2,4,6,8-Tetrakis(4-pyridin)-1,3,5,7(1,3)-tetrabenzena-
cyclooctaphan-14,16,34,36,54, 56, 74,76-octaol (3f):  
Orange solid; m.p: 243-245°C; FT-IR (KBr disc): 
3600-3000, 1622, 1552, 1468, 1361, 1204, 1092, 




H-NMR (300 MHz): 
δ 8.72-8.63 (8H, OH), 7.28-7.19 (16H, aroma), 6.44 
(4H, CH), 6.28 (4H, CH), 5.55 (4H, CH); 
13
C-NMR 




cyclooctaphan-14,16,34,36,54, 56, 74,76-octaol (3g):  
Orange solid; m.p: 228-230°C; FT-IR (KBr disc): 
3600-3000, 1636, 1510, 1488, 1420, 1211, 1091, 




H-NMR (300 MHz): 
δ 8.63-8.55 (8H, OH), 6.74-6.65 (12H, aroma), 6.28 
(4H, CH), 6.18 (4H, CH), 5.45 (4H, CH); 
13
C-NMR 
(75 MHz): δ 154.1, 153.6, 144.6, 132.3, 130.6, 130.2, 
127.2, 120.8, 43.2. 
 
 
Fig. 3 — The 13C-NMR spectra of 2,4,6,8-tetrakis(4-chlorophenyl)-1,3,5,7(1,3)-tetrabenzenacyclooctaphan-14,16,34,36,54,56,74, 







cyclooctaphan-14,16,34,36,54,56, 74,76-octaol (3h):  
Orange solid; m.p: 214-216°C; FT-IR (KBr disc): 
3600-3000, 1605, 1552, 1492, 1432, 1224, 1087, 





MHz): δ 8.56-8.48 (8H, OH), 6.42 (4H, CH), 6.36-
6.30 (4H, CH), 5.54 (4H, CH), 2.84 (8H, CH2), 1.92 
(12H, CH3); 
13
C-NMR (75 MHz): δ 153.6 127.2, 
125.3, 121.2, 110.2, 43.2, 20.3. 
A comparative account of efficiency of HPVAC-20 
with other reported catalysts for the synthesis of 2,4,6, 
8-tetraphenyl-1,3,5,7(1,3)-tetrabenzenacyclooctaphan-
14,16,34,36,54, 56,74,76-octaol 3,4-dihydropyrimidin-
2(1H)-thione is given in Table 6. The data clearly 
ascertain the versatility of the present protocol using 
HPVAC-20 as catalyst over the other catalysts. 
 
Conclusion  
Keggin-type vanadium (V) substituted heteropoly 
acids (HPA) have been widely used in numerous acid 
catalysed homogeneous reactions due to their strong 
Bronsted acidity. Similarly activated clay minerals are 
used in organic conversions as heterogeneous catalysts. 
The catalytic ability of HPV supported on AC (HPVAC) 
is more efficient than AC and HPA in the condensation 
of resorcinol and aldehyde under heterogeneous 
condition. In this practical method one pot procedure for 
the preparation of calix[4]resorcinarenes  has been 
developed. The work-up procedure is very clear-cut; that 
is the products were isolated and purified by simple 
filtration from ethanol / water medium. The molecular 
structure of calix[4]resorcinarene derivatives were 





spectroscopic methods. This protocol is a green approach 
for the preparation of calix[4]resorcinarenes using 
heteropoly acid supported on activated clay mineral as 
eco-friendly, reusable green heterogeneous catalyst. 
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Table 6 ― Comparative account of catalytic ability of HPVAC-20 with other catalysts towards the synthesis of 2,4,6,8-tetraphenyl-
1,3,5,7(1,3)-tetrabenzenacyclooctaphan-14,16,34,36, 54, 56,74,76-octaol 3,4-dihydropyrimidin-2(1H)-thione 
Catalysts Amount (g) Condition Reaction time Yield (%) Reference 
[Yb(H2O)9](OTf)3 0.132 Ethanol solvent and reflux 48 h 89 [16] 
H3[PW12O40] / Conc. HCl  7 mL Ethanol solvent (80 
oC) 10 h 75 [17] 
Conc. HCl  5 mL Microwave irradiations (100 oC) 5 min 72 [18] 
Fe3O4 nanoparticle 0.1 Solvent free (120 
oC) 15 min 92 [20] 
HPVAC-20 0.04 Solvent free (120 oC) 30 min 93 This work 
